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© Packaging defective HIV provirus, cell lines, and uses thereof. 



@ A packaging defective HIV vector is disclosed. 
This vector can be used to establish HIV packaging 
defective celi lines. These cell lines can be used in 



developing a vaccine. HIV antibodies and as part of 
a system for gene transfer. 
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PACKAGING DEFECTIVE HIV PROVIRUS, CELL LINES, AND USES THEREOF. 
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The present invention is directed to vectors 
comprising a packaging defective HIV provirus. and 
the use of these vectors to create HIV packaging 
defective cell lines, and the uses thereof. Most 
preferably, the HIV provirus is an HIV-1 provirus. 5 

The human immunodeficiency virus (HIV-I, also 
referred to as HTLV-III. LAV or HTLV-III/LAV) is the 
etiological agent of the acquired immune deficiency 
syndrome (AIDS) and related disorders {Barre- 
Sinoussi. et al., Science 220:868-871 (1983); Gallo w 
et al. Science 224:500-503 (1984); Levy et ai.. 
Science 225 :840-842 (1984); Popovic et al.. 
ence 224:497-500 (1984): Sarngadharan et al.. Sci- 
ence 224:506-508 (1984); Siegai et al.. N. Engl. J. 
Med. 305:1439-1444 (1981)]. The disease is char- is 
acterized by a long asymptomatic period followed 
by progressive degeneration of the immune system 
and the central nervous system. Studies of the 
virus indicate that replication is highly regulated, 
and both latent and lytic infection of the CD4 
positive helper subset of T-lymphocytes occur in 
tissue culture [Zagury et al.. Science 231^:850-853 
(1986)]. The expression of the virus in infected 
patients also appears to be regulated to enable 
evasion of the immune response. Molecular studies 
of the regulation and genomic organization of HIV-I 
show that it encodes a number of genes [Ratner et 
al.. Nature 313:277-284 (1985); Sanchez- Pescador 
et al.. Science 227:484-492 (1985); Muesing et al, 
Nature"3T3^ 0"^7 (1985); Wain-Hobson et al.. oo 
Cell 40:9-17 (1985)]. 

Retroviruses are typically classified as belong- 
ing to one of three subfamilies, namely on- 
coviruses, spumaviruses and lentiviruses. Infection 
by oncoviruses is typically associated with malig- 35 
nant disorders. These viruses typically contain a 
single-stranded, plus-strand RNA genome of ap- 
proximately 8.000 to 10.000 nucleotides encom- 
passing the gag, pbl and env, genes, as well as 
long terminal repeaTfLTR) sequences. Some of the 40 
oncoviruses contain oncogenes. It is generally be- 
lieved that spumaviruses are not pathogenic in 
vivo , although they induce foamy cytopathic 
changes in tissue culture. Infection by lentiviruses 
is generally slow and causes chronic debilitating 45 
diseases after a long latency period. These viruses, 
in addition to the gag, jDOl. and env genes possess 
a number of additional genes with regulatory func- 
tions. 

The human immunodeficiency viruses (HIV) so 
has been classified as a lentivirus. because it too 
causes slow infection and has structural properties 
in common with such viruses. [See Haase, A.T., 
Nature 322: 130-136 (1986)]. 

HIV-1 shares the gag , pro , pol. and env genes. 



respectively with other retroviruses [Haseltine, 
W.A., Journal of Acquired Immune Deficiency Syn- 
drome, 1:217-240 (1988)]. HIV-1 also possesses 
additional genes modulating viral replication. The 
HIV-1 genome encodes vif. vpr. tat. rev. vpu and 
nef proteins [Haseltine, W.A.. Journal of Acquired 
Immune Deficiency Syndrome, supra]. Additionally, 
the long terminal repeats (LTRs) of HIV contain cis- 
acting sequences that are important for integration, 
transcription and polyadenylation. Additional cis- 
acting signals allow regulation of HIV sequences by 
some of the novel HIV gene products. (Haseltine, 
W.A.. Journal of Acquired Immune Deficiency Syn- 
drome, supra). Sodroski et al.. Science 231 :1549- 
1553 (1986): Arya et al.. Science 229 :69-73 (1985); 
Sodroski et al.. Science 227:171-173 (1985); 
Sodroski et al.. Nature 321:412-417 (1986); Fein- 
berg et al.. Cell 46:807-817 (1986) Wong-Staal et 
al. AIDS Res. and Human Retroviruses 3: 33-39 
(1987); which are all incorporated herein by 
reference]. The region between the 5' major splice 
donor and the gag gene initiation codon is highly 
conserved in different HIV-1 strains sequenced to 
date [Myers. G.. et al. Theoretical Biology and 
Biophysics . (1988)]. 

Most of these genes encode products that are 
necessary for the viral life cycle. For example, the 
tat gene encodes a 14kD protein that is critical for 
hTv replication and gene expression [Rosen. C.A.. 
et al.. Nature 319:555-559 (1986); Sodroski. J. et 
al . Science 227:171-173 (1985); Arya et al. Sci- 
ence 229: supra . Sodroski. et al.. Science 229 . 
supra and Dayton, A., et al.. Cell 44:941-497 (1986) 
which are all incorporated herein by reference]. 
Another gene necessary for replication is the rev 
gene. [Sodroski. et al.. Nature 321:412-417 (1986). 
which is both incorporated herein by reference]. 

In some oncoviruses, cis-acting sequences lo- 
cated between the 5 . LTR and the gag gene 
initiation codon have been located which are nec- 
essary for the efficient packaging of the viral RNA 
into virions [Bender. M.A.. et al. J. Virol 61^:1639- 
1646 (1987). Katz. R.A.. et al. J Virol 59:163-167 
(1986). Mann. R.. et al. Cell 33:153-159 (1983). 
Pugatsch. T.. et al. Virology 128 :505-511 (1983). 
Watanabe, S., et al. Proc. Natl. Acad. Sci. 79:5986- 
5990 (1983) Eglitis. M.A., et al. Bio Techniques 
6:608-614 (1988) which are incorporated herein by 
reference]. In addition to these sequences, se- 
quences overlapping the gag gene were found to 
contribute to the efficiency of viral RNA encapsida- 
tion by Moloney murine leukemia virus [Adam. 
M.A.. et al. J. Virol. 62:3802-3806 (1988)]. The 
* signals needed for packaging of lentiviruses RNA, 
(such as HIV RNA) into virion particles have not 
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been identified. 

Although a great deal of research has been 
expended on understanding HIV-1. the life cycle of 
this retrovirus is not completely understood. 

In addition, a great deal of research has been 
directed to developing a vaccine to the virus, but 
there have been no reports of success to date. 
This is in part, due to the lack of conservation in 
the antigenically active parts of the vims and tn 
part because the functionally important regions of 
viral proteins and/or inactivated viral particles are 
poorly immunogenic. 

Accordingly, it would be extremely useful to 
have a provirus that produced HIV proteins but 
which was not lethal because the viral RNA could 
not be packaged into virions. Using this packaging- 
defective provirus vector, it would be possible to 
create packaging defective cell lines that could be 
used to investigate the packaging mechanism of 
the virus and to develop strategies to interfere with 
this packaging mechanism. Significantly, the virions 
produced by such packaging negative proviruses 
could be used for vaccines and as a system for 
efficiently inuoducing a desired gene into a mam- 
malian cell. 



package HIV RNA. Preferably, -each vector would 
contain a different marker gene. The transformed 
cell line would express HIV v^nfeJiS^ut would not 
be able to package HIV RNA into these virions, 
s Thus, these virions could be used to generate 
antibodies, as a vaccine or as a method of transfer- 
ring a desired gene product to a different cell line 
capable of infection by HIV. 
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Summary of the Drawings 



Summary of the Invention 

We have now discovered a vector comprising a 
sufficient number of nucleotides corresponding to 
an HIV genome to express functional HIV gene 
products (HIV nucleoUdes). but which does not 
contain a sufficient number of nucleotides corre- 
sponding to nucleotides of the HIV genome be- 
tween the 5' major splice donor and the gag gene 
initiation codon to efficiently package the viral RNA 
into virions {HIV packaging sequence). Preferably, 
this HIV packaging sequence corresponds to the 
region between the 5 major splice donor and the 
gag gene initiation codon. More preferably, this 
ii^uence corresponds to a segment just down- 
stream of the 5' major spfice donor, and about 14 
bases upstream of the gag initiation codon. In one 
embodiment it is a 19 base segment having the 
sequence AAAAATTTT6ACTAGCGGA. 

This vector can be used to transform a 
preselected cell line to result in an HIV packaging 
defective cell line. Preferably, one would transfomn 
"a cell line using at least two vectors, which collec- 
tively contain the HIV nucleotides necessary to 
express HIV gag. pol. and env products, but 
wherein each ve^or by itself does not contain the 
HIV nucleotides necessary to express all three pro- 
ducts, in addition, each vector does not have a 
sufficient number of nucleotides con-esponding to 
nucleotides of the HIV genome between the 5 
major splfee donor and the gag gene to efficiently 



Figure 1 is a schematic of the HlV-1 genome 
from the 5 LTR to the gag initiation codon showing 
,5 the 5 major splice donor (SD) and the site of the 
deletion in a vector representing one embodiment 
of this invention. pHXBAPI . 

Figure 2a is an autoradiogram of the im- 
munoprecipitation of 35s-labelled viral protein from 

20 COS-1 cells with AIDS patient serum. 

Figure 2b is an electron micrbgriaph of COS- 

1 cells transfected with pHXBAPI showing virion 
particles of normal HlV-1 morphology. 

Figure 3 is an autoradiograrh of im- 
25 munoprecipitation of labelled viral proteins from 
Jurkat T cell ly sates or supernatants exposed to 
supematants from COS-I cells that were transfec- 
ted or mock transfected. 

Figure 4 is an RNA dot blot test. 

30 

Detailed Description of the Invention 

We have now discovered that it is possible to 
make HIV packaging defective vectors and cell 
lines We have found that the region between the 
5 major splice donor and the gag gene initiation 
codon in HIV viruses contains sequences neces- 
sary for packaging of HIV RNA into virions. One 
can prepare a vector comprising a packaging de- 
fective HIV provirus wherein the vector contains a 
nucleotide sequence which con-esponds to a suffi- 
cient number of nucleotides from an HIV genome 
to express desired HIV products, but does not 
correspond to a sufficient number of nucleotides 
corresponding to the region between the 5 major 
splice donor and the gag gene initiation codon to 
efficiently package HN~Bm (the HIV packaging 
sequence). 

These sequences preferably correspond to the 
genome of HIV-1. HIV-2 and simian im- 
munodeficiency virus (SIV). [See Ratner. et al. Na- 
ture 313. supra, Sanchez-Pescador et al. Science 
227 "sHiDraTMuesing. et al. Nature 313. supra . 
wiSn-Hobson et al. Cell 40. supra . Guyader, M. et 
al Nature 326:662-669 (1987); Chakrabarti et al, 
v.. et al. 
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NatG?i~328-543-547 (1987) and Hlrsch, 
Cell 4 9 :307-319 (1987) which are all incorporated 
hereinby reference]. 
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Preferably, the Vector does not contain the HIV 
packaging s^quenpe. corresponding to the segment 
immediately dowhstrearn of the 5 major splice 
donor and just upstream of the gag gene initiation 
codon. Typically, the vector could contain 
nucleotides ranging from about 14 bases to 2 
bases upstream of the gag initiation codon; for 
example either the 14 upstream bases or 5 up- 
stream bases and still be packaging deficient. In 
one embodiment the vector does not contain a 
nucleotide sequence beginning about 9i bases 
downstream of the 5' major splice donor and con- 
tinuing to about 14 bases upstream of the gag 
initiation codon. The number of bases that need to 
be left out can vary greatly, for example, the 19 
base pair deletion AAAAA I I I I GACTAGCGGA de- 
letion in HIV-1 is sufficient to result in loss of 
packaging ability (See Figure 1). However, even 
smaller deletions in this region should also result in 
loss of packaging efficiencies. Indeed, it is ex- 
pected that a deletion as small as about 5 base 
pairs in this region should remove packaging abil- 
ity. Thus the size of a particular deletion can read- 
ily be determined based upon the present disclo- 
sure by the person of ordinary skill in the art. 

The vector should contain an HIV nucleotide 
segment containing a sufficient number of 
nucleotides corresponding to nucleotides of the 
HIV genome to express functional HIV gene pro- 
ducts, but as aforesaid, should not contain a suffi- 
cient number of nucleotides corresponding to the 
region between the 5 major splice donor and the 
gag gene initiation codon to permit efficient pack- 
aging of the viral RNA into virions. In using these 
vectors to establish HIV packaging defective cell 
lines it is preferred that such cell lines do not 
produce any infectious HIV. Although a cell line 
transformed by these packaging deficient vectors 
would have low infectivity because the cells are 
packaging defective, some RNA can still be pack- 
aged into the virion. Accordingly, it is preferable 
that the HIV nucleotide segment does not cor- 
respond to the entire HIV genome so that if some 
of the viral RNA is packaged into the virion, what is 
packaged wilt not be a replication competent virus. 

Preferably, one would want to have at least two 
different vectors, each containing a different portion 
of the HIV genome and also not containing the 
sequence necessary for viral packaging. Then by 
co-transfecting a cell with each vector the ceil 
would still be able to express all the HIV structural 
proteins and produce virions. In one preferred em- 
bodiment the vector would not contain sequences 
corresponding to an HIV LTR but would contain 
sequences corresponding to a promoter region 
and/or another genome's polyadenyltation se- 
quences. Selection of particular promoters and 
polyadenylaton sequences can readily be deter- 



mined based upon the particular host cell. 

In one preferred embodiment one vector would 
include sequences permitting expression of HIV 
proteins upstream of env and the second vector 

5 would permit expression of the remaining proteins. 
For example, one vector would contain an HIV 
nucleotide segment corresponding to a sufficient 
number of nucleotides upstream of the gag initi- 
ation codon to the env gene sequence to express 

TO the s'-most gene products. The other vector would 
contain an HIV nucleotide segment corresponding 
to a sufficient number of nucleotides downstream 
of the gag gene sequence and including a func- 
tional env gene sequence. Such vectors can be 

75 chemically synthesized from the reported se- 
quences of the HIV genomes or derived from the 
many available HIV proviruses, by taking advan- 
tage of the known restriction endonuclease sites in 
these viruses by the skilled artisan based upon the 

20 present disclosure. Preferably, one would also add 
a different marker gene to each vector, i.e.. co- 
transfect a preselected cell line with these different 
vectors and by looking for a cell containing both 
markers, one would have a cell line that has co- 

25 trahsfected with the two vectors. Such a cell would 
be able to produce all of the HIV proteins. How- 
ever, although virions would be produced, the RNA 
corresponding to the entire viral sequences would 
not be packaged in these virions. One can use 

30 more than two vectors if desired, e.g. a gag-pol 
vector, an env vector and a vif/vpu vector. 

Virtually any cell line can be used. Preferably, 
one would use a mammalian cell line, for example. 
CV-1 , Hela. Raji. RD. SW480 or CHO cell lines. 

35 In order to increase production of the viral 

cellular products, one could use a different pro- 
moter than the 5* LTR. i.e., replace the 5 LTR with 
a promoter that will preferentially express genes 
under its control in a particular cell line. For exam- 

40 pie. the CMV promoter will preferably express 
genes in CV-1 or Hela cells. The particular pro- 
moter used can be readily determined by the per- 
son of ordinary skill in the art, based upon the 
particular host cell line to be used. 

45 In order to increase the level of viral cellular 

products one can also add enhancer sequences to 
the vector to get enhancement of the HIV LTR 
and/or promoter. Particular enhancer sequences 
can readily be determined by the person of or- 

50 dinary skill in the art depending upon the host cell 
line. 

One can also add vectors that express viral 
enhancer proteins, such as those of herpes virus, 
hepatitis B virus, which act on HIV LTRs to en- 
65 hance the level of virus product, or cellular transac- 
tivator proteins. Cellular transactivation proteins in- 
clude NF x-B. UV light responsive factors and 
other T cell activation factors well known to the 
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person of ordinary skill in the art. 

By using a series of vectors that together 
would contain the complete HIV genome, one can 
create ceil lines that produce a virion that is iden- 
tical to the HIV virion, except that the virion does 
not contain the HIV RNA. The virions can readily 
be obtained from these cells. For example, the 
cells would be cultured and supernatant collected. 
Depending upon the desired use the supei^natant 
containing the virions can be used or these virions 
can be separated from the supernatant by standard 
techniques. Typically, this would include' gradiant 
centrifugation, filtering, etc. 

These attenuated virions would be extremely 
useful in preparing a vaccine. The virions can be 
used to generate an antigenic response to the HIV 
virions and because these virions are identical to 
the actual HIV virions, except that the interior of 
these virions do not contain the viral RNA. the 
vaccine created should be particularly useful. 

These virions can also be used to raise anti- 
bodies to the virion that can then be used for a 
variety of purposes, e.g. screening for the virion, 
developing target system for the virions, etc. 

Additionally, these HIV packaging deficient cell 
lines can be extremely useful as a means of in- 
troducing a desired gene, for example, a heterolo- 
gous gene into mammalian cells. 

These virions could be used as an extremely 
efficient way to package desired genetic se- 
quences into target cells infectable by HIV. This 
would be done by preparing a vector containing a 
nucleotide segment containing a sufficient number 
of nucleotides corresponding to the packaging 
nucleotides of the HIV virus (HIV packaging re- 
gion), a predetermined gene, and flanking the 
packaging sequence and the predeternnined gene 
with sequences corresponding to a sufficient rium- 
t5er of sequences from HIV LTRs for packaging, 
reverse transcription, integration and gene expres- 
sion. The packaging region used would preferably 
con-espond to at least the region between the 5 
major splice donor and just upstream of the gag 
initiation codon. more preferably the region be- 
tween the 5' major splice donor and the Bal I site 
in the gag gene. When this vector is used to 
transfecFone of the HIV packaging deficient cells, it 
is the nucleotide sequence from this vector that will 
be packaged in the virions. These "HIV packaged" 
genes could then be targeted to cells infectable by 
HIV. This method of transformation is expected to 
be much more efficient than current methods. Fur- 
ther, by appropriate choice of genes, one could 
also monitor the method of HIV infection. 

Additionally, these HIV packaging defective cell 
lines can be used to study various stages of the 
HIV life cycle, both in vivo and in vitro systems by 
a system because the cells will express HIV cel- 



lular proteins, but will not package the RNA. 

The present invention is further illustrated by 
the following examples. These examples are pro- 
vided to aid in the understanding of the invention 
5 and are not to be construed as limitation thereof. 

The region between the HIV-1 5' LTR and the 
gag gene is shown in Figure 1 which shows the 5 
major splice donor (SD) and site of defetion in a 
vector described tjelow, pHXBAPI. A 19 Ijase-pair 
10 deletion in this region was created in an infectious 
HIV-1 proviral clone contained on the plasmid 
pHXBc2 of Fisher, A.G.. et al. Nature 316 : 262-265 
(1985). This plasmid also contains an SV40 origin 
of replication to allow efficient gene expression in 
75 COS-1 cells. The mutation was produced by the 
site-directed mutagenesis as described in Kunkel. 
T.A.. et al. Methods in Enzymology 154 . 367-382 
(1 987), and the sequence confirmed by DNA 
sequencing (Sanger. F.. et al. Proc. Natl. Acad. Sci. 
20 74:5463-5467 (1977). The mutated plasmid was 
designated pHXBAPI. 

To evaluate the effect of the mutation on viral 
protein expression and virion production, COS-1 
cells were transfected with the pHXBc2 and 
25 pHXBAPI plasmids by the DEAE-dextran proce- 
dure [Lopata et al. Nucl. Acids Res. 12:5707-5717 
(1984); Queen and Baltimore. Cell 33:741-748 
(1983); (Sodroski. J., et al. Science 231 :1 549-1 553 
(1986) which are incorporated herein by reference]. 
30 COS-1 cell lysates and supernatants radiolabelled 
with 3sS-cysteine Sodroski. J., et al. Science 231 , 
supra) at 48 hours after transfection were 
^TSdpitated with 19501 AIDS patient serum. The 
overall level of viral protein detected in cell lysates 
35 was comparable for the vectors containing the wild- 
type HXBc2 and the HIV packaging defective 
HXB API . See Figure 2A. which shows im- 
munoprecipitation of s^s-labelled viral proteins from 
COS-1 cell lysates (lanes 1-3) or supernatants 
40 (lanes 4-6) with 19501 patient serum, after transfec- 
tion with no DNA (lanes 1 and 4). lOug pHXBc2 
(lanes 2 and 5) or lOug pHXBAPl (lanes 3 and 6). 
The overall level of viral protein detected in cell 
lysates was comparable for cells transfected by 
45 either HXBc2 or HXBAPI. The level of viral pro- 
teins precipitated from the supernatants of COS-1 
cells was slightly less with HXBAPl than with 
HXBc2. The amount of reverse transcriptase (RT) 
activity measured in the supernatants of COS-1 cell 
60 transfected by pHXBAPI was 60% of that mea- 
sured in cells transfected with the HXBc2 vector 
(data not shown). COS-1 cells transfected with 
pHXBAPI were fixed 48 hours following transfec- 
Uon and examined by electron microscopy. Viral 
55 particles, including budding fomrts, of normal HIV-1 
morphology were observed. Figure 2B is an elec- 
tron micrographs of OOS-1 cells transfected with 
PHXBAPI showing virus particles of normal HIV-1 
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morphology. 

To eyaluate the effect of the HXBAPI mutation 
on 'repKc^^^^ from COS-1 

cells translfected with pHXBc2 and pHXBAPI were 
filtered (0.2u) and RT measured. Supernatants con- 
taining equal amounts of RT activity of mutant and 
wild-type viruses were added to Jurkat human T 
lymphocytes. The Jurkat cultureis along with a 
mock-infected culture wore maintairied with me- 
dium changes every three days. At intervals al- 
iquots of Jurkat cells were labelled and assessed 
for expression of HIV-1 proteiris by im- 
munoprecipitation with 19501 AIDS patient serum. 
Figure 3 shows immunoprecipitation of labelled 
viral proteins from Jurkat T cell lysales (lanes 1-3, 
7-9 and 13-15) or supernatants (lanes 4-6. 10-12 
and 16-18) exposed to supernatants from COS-1 
cells that were mock transfected (lanes 1, 4» 7, 10, 
13 and 16). pHXBc2 (lanes 2. 5. 8. 11. 14 and 17). 
or transfected with pHXBAPI (lanes 3. 6, 9. 12. 15 
and 18). The Jurkat cells were exanained at day 7 
(lanes 1-6). day 14 (lanes 7-12) and day 21 (13-18) 
following infection. Jurkat cultures exposed to 
HXBAP1 exhibited marked delays in and lower 
levels of viral protein production relative to those 
exposed to pHXBc2. the wild-type virus. Virus rep- 
lication in human T lymphocytes transfected by 
HXBAPI is thus seen to be significantly attenuated 
compared with cells transfected by HXBc2. 

Supernatants from the above cultures were 
0.2u-filtered and equivalent amounts of reverse 
transcriptase activity pelleted by centrifugattori at 
1200dxg for one hour at 20**C. Viral pellets were 
lysed by NP40 in the presence of vanadyl 
ribonucleotides and dilutions of virus dot-blotted 
onto nitrocellulose filters. Some samples were 
treated with sodium hydroxide (5M at 60°C for 15 
minutes) prior to dot-blotting. RIters were hybridiz- 
ed with a DN A probe consisting of HIV-1 gag and 
env gene sequences, washed and autoradiograph- 
ed as previously described in Maniatis. T.. et al. 
Molecular Cloning. Cold Spring Harbor Laboratory. 
(1982), For the wild-type HXBc2 virus, a signal 
specific for RNA could be detected after blotting 
1000 reverse transcriptase units of filtered super- 
natant (not shown). For the HXBAPI. even 5 X 10* 
reverse transcriptase units of supernatant gave no 
detectable signal. Figure 4 is an RNA dot blot 
without (column 1) and with (column 2) sodium 
hydroxide treatment following blotting of filtered 
supernatants from the Jurkat cultures. The super- 
natants contained a reverse transcriptase activity of 
5 X 10* cpm of HXBAPI (row A). 5 x 10* cpm of 
HXBc2 (row B), or 1 x 10^ cpm of HXBc2 (row C). 
These results indicate that the efficiency of pack- 
aging virus-specific RNA into virions for cells trans- 
fected with a packaging defective viral vector ac- 
cording to the present invention is less than 2% of 



the wild-type virus. 

The results indicate that the region between 
the s' LTR and gag gene of HIV-FfS^mp^^ 
packaging viral RNA into virions. A mutation in this 

5 region exhibits minimal effects on the ability of the 
provirus to produce proteins and virion particles 
following transfection. but markedly decreases the 
level of virion RNA and attenuates virus replication 
in a human CD4-positive lymphocyte line. HIV-1 

10 replicates in cultured CD4-positive cells via cell- 
free transmission and cell-to-cel! transmission, the 
latter involving the contact of infected and uninfec- 
ted cells [Fisher. A.G.. et al. Nature 316:262-265 
(1985). Sodroski, J., et al. Science 231:1549-1553 

75 (1986). Slrebel. K., et al. Nature 328:728-730 
(1987)]. 



Claims 

20 

1. A vector containing: 

(a) a sufficient number of nucleotides cor- 
responding to an HIV genome to express functional 
HIV protein, referred to as the HIV nucleotides, but 

25 not containing a sufficient number of nucleotides 
corresponding to nucleotides of the HIV genome 
between the s' major splice donor and the gag 
gene to efficiently package HIV RNA. referred to as 
the HIV packaging nucleotides; and 

30 (b) a promoter upstream of the HIV 

nucleotides, 

2. The vector of claim 1 wherein the promoter 
is an HIV LTR. 

3. The vector of claim 1. wherein the promoter 
35 is a promoter that will preferentially express gene 

products in particular cells. 

4. The vector of claim 3. wherein the promoter 
is a CMV promoter. 

5. The vector of claim 1. wherein the HIV 
40 packaging nucleotides that the vector does not 

contain is a nucleotide sequence downstream of 
the 5' major splice donor to about 5 bases up- 
stream of the gag gene initiation codon. 

6. The vector of claim 1. wherein the HIV 
45 packaging nucleotides that the vector does not 

contain is a nucleotide sequence beginning about 9 
bases downstream of the 5 major splice donor to 
about 14 bases upstream of the gag gene initiation 
codon. 

50 7, The vector of claim 1. wherein the HIV 

packaging nucleotides that the vector does not 
contain is the sequence AAAAA 11 1 1 GACTAGC- 
GGA. 

8. The vector of claim 1, wherein the HIV 
55 genome is selected from the group consisting of 

HIV-1 . HIV-2 and SIV. 

9. The vector of claim 1, wherein the HIV 
genome is the HIV-1 genome. 
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•lb:;iTie vector of claim 7. wherein the HIV 
genome .is the- HlV-l genome. 

I tv An HIV packaging defective cell line which 
comprises a preselected cell line transformed by 
the vector of claim 1 . 

12: ' A method of producing an HIV packaging 
defective cell line which comprises: 

(a) transforming a preselected cell line with 
at least one vector of claim 1 . 

13. The method of claim 12. wherein the 
preselected cell line is a mammalian cell. 

14. The method of claim 12. wherein the cell is 
transformed by at least two vectors which collec- 
tively contain the HIV nucleotides for expression of 
functional HIV gag. pol, env and regulatory pro- 
ducts, but wherein each vector by itself does not 

. contain the HIV nucleotides to express ail of the 
HIV gag. pol. env and regulatory products and 
whereirTthe^ectors do not have a sufficient num- 
ber of nucleotides corresponding to nucleotides of 
the HIV genome between the s' major splice donor 
and the gag gene to efficiently package HIV RNA. 

15. The method of claim 14. wherein the cell is 
transformed by two vectors and one vector con- 
tains a nucleotide sequence from just upstream of 
the gag initiation codon to just upstream of the env 
gehe~sequence. and the second vector contains a 
nucleotide sequence downstream of the gag gene 
sequence and including a functional env sequence. 

16. The method of claim 14, wherein each 
vector contains a different marker gene sequence. 

17. A stable cell line transformed by the meth- 
od of claim 14. 

18. A method of producing antibodies to HIV 
which comprises culturing the ceU line of claim 17. 
collecting virions produced from the cell line and 
injecting the virions into a predetemnined animal or 
human host to raise antibodies to the virions. 

19. A method of producing a vaccine to HIV 
which comprises culturing the cell line of claim 17. 
and collecting virions produced from the cell line to 
use as a vaccine. 

20. A method of transferring: genes to mamma- 
lian cells which comprises: 

(a) transfecting the cell line of claim 17 with 
a vector containing a nucleotide sequence cor- 
responding to a preselected gene downstream pf a 
nucleotide sequence corespbnding to a sufficient 
number of nucleotides of an HIV packaging se- 
quence to package HIV RNA. referred to as the 
HIV packaging sequences, and wherein the 
preselected gene and the HIV packaging se- 
quences are flanked on each side with a sequence 
corresponding to a sufficient number of nucleotides 
corresponding to HIV LTRs to be packaged by HIV 
packaging sequence, referred to as HIV LTR se- 
quences, wherein the HIV packaging sequences 
and the HIV LTR sequences correspond to the 
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same HIV genome as the HIV nucleotides; 

(b> culturing the ceil line transformed in step 

(a); 

(c) collecting virions produced from the cell 
line of step (b); and 

(d) contacting the virtons of step <c) with a 
predetermined target rtiammalian cell. 

21 . The method of claim 20. wherein the 
nucleotides of the HIV packaging sequence are the 
nucleotides from the S major splice donor to the 
Ba! I site in the gag gene and the HIV LTR se- 
quences correspond to the entire HIV LTRS. 

22. The method of claim 20. wherein the target 
mammalian cell is propogated in tissue culture. 

23. The method of claim 20. wherein the target 
mammalian cell is located in a human or animal 
host. 
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